Summary: The excretion of xanthurenic acid in urine after oral intake of 5 grains ofL-tryptophan was studied and correlated with test and test-person parameters. The xanthurenic acid was determined by a colorimetric method, which gives reliable and reproducible results. Two groups, of 11 healthy volunteers each, participated. The first group started the test at 08.00 hours and the second group at 22.00 hours. Both groups repeated the same test, within one week of the first test, at 22.00 hours. The xantliurenic acid excretion in the 24-hour urine correlated significantly (p = 0.04) with urine volume, but did not correlate with age, sex, height, body-weight, urine pH and urinary output of creatinine or 17-hydroxysteroids. The intraindividual variability of the test is not significant. The test should be started in the evening and the urine should be collected over 24 hours. The new reference values for the xar thurenic acid excretion under these conditions are 68.8 ± 19.0μτηο1/24 h.
Introduction
after oral ^take of a loading dose of i-tryptophan. An elevated excretion of xanthurenic acid can be found in Xanthurenic acid is a side product from the conversion vitamin B 6 deficiency (1), stress (2) , the use of oral conpathway of L-tryptophan into nicotinamide ( fig. 1 ).
traceptives with (3) or without (4) depression, mental Disorders of this'biosynthesis can be quantified by retardation (5, 6) , depression (7, 8) , hyperventilation synmeasuring the excretion of xanthurenic acid in urine drome (9) and anxiety state (7) . At a biochemical level, The mitochondrial aminotransferase is the less sensitive and the supernatant kynureninase the most sensitive enzyme to a deficiency or competetive inhibition of vitamin 65. Therefore, in persons with a vitamin Bg deficiency the intake of a loading dose of Ζ,-tryptophan will be followed by an abnormal formation and excretion of xanthurenic acid, while also kynurenic acid will be formed. However, in a very severe deficiency of vitamin Bjj, even the excretion of xanthurenic acid will fall below control values.
the elevation of the xanthurenic acid excretion is caused notably by induction of the pyrrolase and competitive inhibition of those enzymes in the nicotinamide synthesis that contain the coenzymatically active form of vitamin B 6 (vitamin BJ); steroid hormones are important in these mechanisms (2, 4, 5) .
Comparison of these studies, however, shows several problems.
1) There is no standard method for the determination of xanthurenic acid; some workers use colorimetry (1, 7, 10) , others an array of Chromatographie methods (3, 11) or spectrofluorimetry (6).
2) Some authors have administered L-tiyptophan in a mg/kg body-weight dose (5, 6, 11) and others in a fixed dose (3, 4, 7, 8, 9) . Even within each of these administrat ion modes the dose used by different authors was not identical.
3) Some authors considered the urine collected during 6 hours after Ζ,-tryptophan intake (12), others during 8 hours (4), 12 hours (6) or 24 hours (7, 8, 9, 11) .
4) The L-tryptophan was administered either in the morning (3, 4, 6) or in the evening (7, 8, 9) . In.animal experiments it was shown, however, that there is a considerable circadian variability in the activity of the pyrrolase (13) . Variations in the activity of the pyrrolase may cause considerable differences in the amount of L-tryptophan metabolized in the nicotinamide synthesis (2).
5) The authors do riot mention the extent of intraindividu l variability, or the dependence of the xanthurenic acid excretion on test and test-person parameters. In a previous study of the xanthurenie acid excretion in psychiatric patients (7) , no correlation was found between the xanthurenic acid excretion and age, sex, urine volume or creatinine excretion.
Because of the problems stated above, there is a need for proper standardisation of the reference values of the xanthurenic acid excretion after loading with Ζ,-tryptophan.
In previous studies (7,8> 9) the subjects were given a loading dose of 5 grams L-tryptophan at 22.00 hours and collected their urine during the subsequent 24 hours in a dark bottle; the xanthurenic acid content was measured by colorimetry and expressed as μιηοΙ/24 h. A further problem in these studies, apart from the above, was that the only available reference values had been obtained from 648 neurologic and psychiatric patients, selected at random, these people were not healthy by definition, although most of them may not have suffered any condition that disturbs the xanthurenic acid excretion. The distribution of these 648 values was positively skewed, with a modus of 50 μτηοΙ/24 h, range 0-2, 188jumol/24h.
In the present study, the reference values of the xanthurenic acid excretion in the stated procedure are better defined. The effect of starting time of test, the intraindividual variability, the sequential excretion of xanthurenic acid, and the relation of the xanthurenic acid excretion to age, sex, height, body-weight, urine volume, urine pH and creatinine excretion were studied in healthy volunteers.
Materials and Methods

Patient groups
The volunteers were included only if they had not suffered from any medical or surgical disorder during the last year, nor from a minor disorder, such as common cold, during the last 2 weeks before the test. They were excluded if they were suffering at the moment of the test from alcoholism, depression or anxiety, or if they took any medication or oral contraceptives. The anxiety and depression were checked by the Hamilton depression (14), Zung depression (15) and Zung anxiety (16) scales.
The participants took 5 grams Ζ,-tryptophan and collected their urine for the next 24 hours. They were, however, divided into 2 groups. The first group (A) started the test at 08.00 hours; they were fasting and remained so for the next 2 hours. The second group (B) started the test at 22.00 hours. Both groups repeated the same test within one week of the first test at 22.00 hours. For all tests starting at 22.00 hours, the subjects took their last meal at 18.00 hours and collected their urine in 2 portions; one from 22.00 to 08.00 hours and the second from 08.00 to 22.00 hours.
Chemical assays
Xanthurenic acid was measured with a slightly modified colorimetric method according to Wachstein & Gudaitis (1) and Weiler & Fichtenbaum (10) . The modification consisted of the use of a buffer with an increased (doubled) molarity, that allowed us to omit a neutralization step. The final absorbance is pH-dependent. The absorbance curve is linear between 80-400 μτηοΐ/ΐ xanthurenic acid. Below 80 jumol/1 the curve bends to the zero point. 200 μιηοΙ/1: dilute 2.5 ml stock solution with 7.5 ml distilled water.
400 Mmol/l: dilute 5.0 ml stock solution with 5.0 ml distilled water.
Determination
Urine is collected during a 24 hours period. All portions are put in a dark bottle, stored at 4 °C. After the collection period the contents of the bottle are mixed, the total volume is recorded and a 100 ml sample is kept at -20 °C prior to the determination.
Pipette in centrifuge tubes: 10 ml urine (sample), 10 ml distilled water (reagent blank) and 10 ml standard (standard curve). Add to sample and blank 0.25 ml ammonium hydroxide and 0.25 ml calcium chloride solution.
Add to standard 0.1 ml ammonium hydroxide and 0.4 ml distilled water.
Mix the contents of the tubes after every addition. Centrifuge 10 min 3000 rpm.
Pipette 6 ml of the clear supernatant in a clear "blank" tube, add 4 ml buffer, mix and transfer 5 ml of the mixture in a "determination" tube.
Add to each of the latter tubes 0.1 ml ferric-ammonium sulfate solution and mix.
After 10 min -but within 2 hours -the absorbance of the "blanks" and "determinations" are read at 623 nm. Subtract the absorbance of the blank from the absorbance of the determination. Construct the standard curve. Read the xanthurenic acid value of the sample from the standard curve, and correct this figure for the volume of the 24-hour urine. The absorbance of the highest standard (400 μηιοΐ/ΐ) showed little variation in a 6-month period. On 61 consecutive runs we found a mean absorbance of 0.443 with a standard deviation of 0.0185; coefficient of variance of 0.042. On 31 duplicate measurements of standards and unknowns on different days we found a standard deviation of duplicates of 1.7 μιηοΐ/ΐ xanthurenic acid.
Creatinine was determined with a kinetic Jaffe method on a Centrifugem® 400 centrifugal analyzer. The 17-hydroxysteroids were determined for the first test of group A in 24-hour urine, by a column Chromatographie method (Ketochrome Bio-Rad®). Tab. 6. Xanthurenic acid excretion in urine during sequential periods after jL-tryptophah loading (measurements n = 31). The results of the tests from 22.00-08.00 hours, from 08.00-22.00 hours and from the total 22.00-22.00 hours are not correlated. The first test of all for every participant was started at 22.00 hours. Therefore all second measurements at the 22.00 hours start could be taken into account for computations (n = 31). The summated results show a lower coefficient of variance (0.25) than either the 2:2.00-08.00 hours portion (0.47) or the subsequent 08.00-22.00 hours portion (0.42). Thus, one should collect the urine for 24 hours, and 68. and xanthurenic acid excretion (/anol/24 h) was computed:
Results
Group
Xanthurenic acid = 0.022 χ (vol. (ml) + 37.23).
The correlation for the 31 values is rather high (r = 0.578).
Discussion
The colorimetric method is reliable and gives reproducible results. Although the standard curve is not linear for low xanthurenic acid values, the sensitivity of the test is sufficient with an S.D. of 1.7 jumol/1. One technician can perform manually 10 xanthurenic acid determinations in about 2 hours.
The coefficient of variance of the xanthurenic acid excretion after a morning test-start is significantly higher than that after the evening start. It is therefore questionable whether one should in fact start these tests in the morning, as described in the literature (3, 4, 6) . The greater variability in xanthurenic acid excretion after the morning start is not correlated with the output of 17-hydroxysteroids over 24 hours. It is however quite possible, that the plasma concentrations of cortisol in the morning are relevant. This should be further investigated. Since the results of the morning and evening tests (tab. 4) do not differ significantly, but the coefficient of variance of the two tests do differ significantly, the xanthurenic acid excretion is a sensitive physiological parameter, and the test should be started in the evening. The results of the first and second tests demonstrate that prior loading with L-tryptophan does not influence the results of a second test within one week.
Since the results of the evening tests (tab. 5) are highly reproducible for the group participants, the xanthurenic acid excretion is a reliable physiological parameter. Because the correlation between the 22.00-08.00 hours and 08.00-22.00 hours portions is very low (r = 0.04), and the summated results have a clearly lower coefficient of variance than the results of the 2 portions, the urine should be collected during 24 hours (tab. 6).
It is possible that the L-tryptophan dose is important for the urine collection period. Authors using shorter urine collection periods administered lower Ζ,-tryptophan doses: 2.0-3.5 g (4* 6,12); one of them (12) found that a collection period of 6 hours is enough if 2 g of I-tryptophan are administered. But the low correlation points to great interindividual differences in the excretipn^time curve.
The correlation between xanthurenic acid excretion and urine volume is probably restricted to healthy volunteers. Thus, in a previous study of the xanthurenic acid excretion in 139 psychiatric patients, no correlation between urine volume and xanthurenic acid excretion was found. The variances of the xanthurenic acid excretion by the psychiatric reference group of that study (101.5 ± 65.1 μηιο1/24 h, N -26), differ significantly from that of the 68.8 ± 19.0 reference values found in this study (F-ratio 11.74; p = 0.001) (7) . This means that the influence of urine volume on xanthurenic acid excretion is easily overruled by other factors. The correlation should however be checked in future studies. fig. 1 ) (17) . Since this enzyme is less sensitive to a vitamin B 6 deficiency or competitive inhibition of vitamin B$ containing enzymes, the xanthurenic acid excretion will first rise during these disorders of the nicotinamide synthesis (2, 4) . Eventually, the vitamin B£ deficiency or the competitive inhibition can prevent further synthesis of xanthurenic acid. The xanthurenic acid excretion then drops to zero. If this hypothesis is correct, it means that the 0-30.8 μπιοΙ/24 h values are the most pathological, and not the very high values, for example 2000-3000 /imol/24 h. By measurement of the xanthurenic acid excretion alone, it is not possible, however, to discriminate between the relative contribution of an induction of pyrrolase or disorders in the vitamin BO containing enzymes (18) .
In conclusion, the xanthurenic acid is measured by the colorimetric method in a sensitive, reproducible and easy manner. The xanthurenic acid excretion reflects, in a sensitive and reproducible manner, the physiological state of the nicotinamide biosynthesis. The 5 gram L-tiyptophan dose should be administered in the evening, the urine should be collected over 24 hours and, at least in volunteers, the urine volume should be considered as an independent variable of the xanthurenic acid excretion.
